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Abstract : The Lago Sofia Conglomerate encased in the 2 km thick hemipelagic mudstones and thin-
bedded turbidites of the Cretaceous Cerro Toro Formation, southern Chile, is a deposit of a gigantic
submarine channel developed along a foredeep trough. It is hundreds of meters thick, kilometers wide, and
extends for more than 120 km from north to south, representing one of the largest ancient submarine
channels in the world. The channel deposits consist of four major facies, including stratified conglomerates
(Facies A), massive or graded conglomerates (Facies B), normally graded conglomerates with
intraformational megaclasts (Facies C), and thick-bedded massive sandstones (Facies D). Conglomerates of
Facies A and B show laterally inclined stratification, foreset stratification, and hollow-fill structures,
reminiscent of terrestrial fluvial deposits and are suggestive of highly competent gravelly turbidity currents.
Facies C conglomerates are interpreted as deposits of composite or multiphase debris flows associated with
preceding hyperconcentrated flows. Facies D sandstones indicate rapidly dissipating, sand-rich turbidity
currents. The Lago Sofia Conglomerate occurs as isolated channel-fill bodies in the northern part of the
study area, generally less than 100 m thick, composed mainly of Facies C conglomerates and intercalated
between much thicker fine-grained deposits. Paleocurrent data indicate sediment transport to the east and
southeast. They are interpreted to represent tributaries of a larger submarine channel system, which joined to
form a trunk channel to the south. The conglomerate in the southern part is more than 300 m thick,
composed of subequal proportions of Facies A, B, and C conglomerates, and overlain by hundreds of m-
thick turbidite sandstones (Facies D) with scarce intervening fine-grained deposits. It is interpreted as
vertically stacked and interconnected channel bodies formed by a trunk channel confined along the axis of
the foredeep trough. The channel bodies in the southern part are classified into 5 architectural elements on
the basis of large-scale bed geometry and sedimentary facies: (1) stacked sheets, indicative of bedload
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deposition by turbidity currents and typical of broad gravel bars in terrestrial gravelly braided rivers, 2)
laterally-inclined strata, suggestive of lateral accretion with respect to paleocurrent direction and related to
spiral flows in curved channel segments around bars, (3) foreset strata, interpreted as the deposits of large
gravel dunes that have migrated downstream under quasi-steady turbidity currents, (4) hollow fills, which
are filling thalwegs, minor channels, and local scours, and (5) mass-flow deposits of Facies C. The stacked
sheets, laterally inclined strata, and hollow fills are laterally transitional to one another, reflecting juxtaposed
geomorphic units of deep-sea channel systems. It is noticeable that the channel bodies in the southern part
are offset stacked toward the east, indicating eastward migration of the channel thalwegs. The laterally
inclined strata also dip dominantly to the east. These features suggest that the trunk channel of the Lago
Sofia submarine channel system gradually migrated eastward. The eastward channel migration is
interpreted to be due to tectonic forcing imposed by the subduction of an oceanic plate beneath the Andean
Cordillera just to the west of the Lago Sofia submarine channel.

Key words : ¥4 /d(sedimentary facies), 4181 4] 3}5%4] (deep-sea channel system), 3 €l 74 £ A (archi-

tectural element), 22 290} QU (Lago Sofia Conglomerate), 21145 (debris flow)
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Fig. 1. (A) Location map of the study area, (B) Depositional setting of the Magallanes Basin during the Middle to Late
Cretaceous. The Magallanes Basin was formed by flexural subsidence due to thrust loading to the east of the
uplifted Andean proto-cordillera. The basin consisted of a deep, N-S-trending foredeep trough adjacent to the
western margin and a gently sloping foreland ramp in its central and eastern parts. Throughout the Late Cre-
taceous, arc- and cordillera-derived sediment was dispersed axially along the foredeep basin, resulting in a thick
{ca. 7 km) Upper Cretaceous sequence (Cerro Toro Formation) of deep-water facies.
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Fig. 2. Geologic map of the study area. The study area
largely comprises thick sequences of hemipelagic
mudstones and thin-bedded turbidite sandstones
(Cerro Toro Formation, Late Cretaceous), The
Cerro Toro Formation includes a lens of Lago
Sofia Conglomerate (LSC), which extends for
more than 120 km from north to south. The LSC
is interpreted as the deposit of deep-sea channels
that developed along the axis of foredeep basin.
Paleocurrent data indicate that sediment was
generally dispersed from north to south with local
sediment transport to the east in the northern
part.

2 sl 2719 stz 94 e wlad 12A]) 2
89 o] u-¢ B£3 A oth(Clark and Pickering
1996b; Mutti and Normark 1987). 2222 o]z)3} 7|
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Fig. 3. Columnar logs of Lago Pehoe section in the
northern part (A) and Lago Sofia section in the
southern part (B). (A) The Lago Pehoe section
comprises several isolated bodies of conglomerate
and intervening fine-grained deposits. The con-
glomerate bodies are interpreted as the deposits
of tributary channels, (B) The Lago Sofia sec-
tion is characterized by a thick conglomerate
body, which represents an axial trunk channel.
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Fig. 4. (A) Gigantic flute casts at base of a Facies C con-
glomerate at the Lago Goic section, (B) Gigantic
groove cast at base of a Facies A conglomerate at

the Lago Sofia section. Hammer for scale.
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Fig. 5. Distribution of Lago Sofia Conglomerate at the
Lago Pehoe and Lago Goic sections in the
northern part of the study area. Paleocurrent
directions, inferred from the measurement of
clast fabric, are indicated with possible outlines
of the channel system (dashed line). (n = number
of counts, vin = vector mean).
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Fig. 6. Distribution of the Lago Sofia Conglomerate at
the Lago Sofia section in the southern part of
the study area. Paleocurrent directions, inferred
from the measurement of clast fabric, are indi-
cated with possible outlines of the channel system
(dashed line). (n = number of counts, vin = vector
mean).
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al. 1998; Klaucke and Hesse 1996). =4 Q5L 3}
2o 2o tiAE HYT Lo 14F 1Y
(Fig. 5).
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A4 C(Facies C) : °1d 7143} 282 Ad Hoj=
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ool T Hae] qYhE QA TEET. ol5L )
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A AR FHE R T} YhFigs. 7C, 8).
St Qe Adel 3T ARE B9 AR vl
2 BejFu] /JARelE dio] 218 & HAZT). e
S AAE AR FHFIm UFne FUFoN &
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Fig. 7. (A) Stratified conglomerate (Facies A) in the Lago Goic section. Stratification is marked by the alternation of
cobble-grade and pebble-grade conglomerate strata. Note the clast imbrication. A stick for scale is 95 cm long,
(B) Massive conglomerate (Facies B) in the Lago Sofia section. The conglomerate bed shows crude stratifica-
tion, (C) A graded conglomerate bed (Facies C) in the Lago Sofia section, comprising clast-supported lower
part and matrix-supported upper part. Note the basal inverse grading and mudstone intraclasts in the upper
part, (D) Thick-bedded, massive sandstones (Facies D) at Lago Sofia section.
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Fig. 8. A synthetic depositional sequence of Facies C con-
glomerate with brief descriptions and interpreta-
tions (after Sohn er al. 2002).
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< HEG A0 34 AYE o|FolA gt

Lago Goic A¥gelle o8 719 I¢AI7F Jeld ) (Fig.
5). o1& Wl A4 me] FAE 7HAH HE A9 H
A% col Hgo] AH=dt v &2 UEdt). o] X9
QA E2 Lago Pehoe A9 2] &<} 2421 gjy)
7t B7FssA e, Hate] ¢ 9k Lago Pehoe AH <] 7)
A 2L 4zjol Q) E e AR F49r. ol %
AL F AR YA B X H o2 HPiel] e}



392 Choe, M Y, et al.

2km

wne Thick-bedded
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Fig. 9. (A) Detailed geological map of the Lago Pehoe section (from Scott 1966), showing inferred channel orientation
of the thickest conglomerate unit, (B) Correlated columns from the conglomerate.

Hthe A3 71AR A3 $8E B E25dgo] U
et Holl 71283 AthFig. 4A). Lago Goic A%
9] 34 GYelM 239 1L YA T2 e}
(Fig. 5). 224 HFDe] AU oM E 343k0] T4
3] 9502 3lojA] 9o} Bl 4vo} dgto] FZo g
o ol &R e Aog Ankgr),

23 Ao} A A (Lago Sofia section)

Lago Sofia A% 2] H¢He tiA2 W& T grZe]
SR L RolU(Fig, 2), 9 400 m FA9] Qo
oF 300 m TS A}FO R o]Fo|WThFig. 3B). WU
T2 HAY AY 34 G943 o] HAAY B EE HE
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AAF7 B S WS TR o, AR HUF
7} 3R] AERE FHES doAM dojd Aol of
H9& R

iz Y ol

5. T3L Ao} A opF|EH

He 24 22 (Architectural elements)
Z R FElTEet 7 HANE J1EeE Blah
Tot qehe Tle} FHAEE FESFATHFig. 11): (1)
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g
7% Palaeoflow data from mass-flow conglomerates

" Palaeoflow data from stratified conglomerates

vm =vector mean; n= number of counts

» X
n=40 1km

n=50 n=64
vm=249 vm=250 n=30
vm=209

Fig. 10. Contrasting palaeoflow patterns between multiphase debris-flow conglomerates (A, C) and stratified conglom-
erates (B, D) obtained from the Lago Goic section (A, B) and the Lago Sofia section (C, D). The debris-flow
conglomerates have highly variable palaeoflow patterns, compared with the relatively uniform palaeoflow

pattern of the stratified conglomerates.

P332 H A A (stacked sheets), (2) A= HAA)
(laterally-inclined strata), (3) AHZ ¥ 2 A (foreset strata),
@) ST HZ¥A(hollow fills), (5) 71AA)A] HoF=
(diamictite). B¢32] EHAA= TA}e) gotzo] Az
o] = HFAo|}(Fig. 124). ©] HHAE 3~5 me] 5
AL 7HAAL, & W me] 34 gAS Belth 7 det
FZF A me) FASE AL F mollA 5 4 mAE
A=Y, HA4d A9 BE FAET EEL 22 A4
W Y Apole) o8] FRET HHA YR 2=
AAAA FElo HaPshe, GL3 Alojo] gke AlgkEo)
A2 g}, o] HHAE TAshs B84 A9 BE
A AR eutl) 93t Be 2Ag, o]2dt U

HHZe W #dd A4 $3 e 83 skeA
o Weshe Wil WHE A5 (gravel bar)e] B3 Tz
£ A4z th(Boothroyd and Ashley 1975; Hein and
Walker 1977). AFd5-2& 92 3443813 (braided river)oll 4]
&3] FAHZ, & A9 R e F2 He9n.
FTrRE B2 4o HEES AN ulkeleg A
Feo} fAsItH(Maizels 1987; Todd 1989). A7) 23]
IR A2E dsiAe AL g Aol QAR
3L Za3jo} HoteA PEsEl= IEE e HAAE 4l
A stEellx Aekiel o FA4=EE DY ADE A=
st

FAAEE HAAE ALER 718017 HE4 As} B
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Elements

Geometry Description Interpretation
Stacked sheets (Element S) Sheet-like Stacked sheet-like bads of clast-supported, pebble-cobble conglomerate Stacking of broad grave! sheets and
3-50 m thick Well-rounded, commonly imbricated clasts low-relief gravel bars by turbidity
Hundreds of meters in Medium-grained sandstone matrix currents
lateral extent

Parallel to subparallsil bed geometry

beds: deci thick; ive & graded; bounded by slightly
erosional surfaces
Thin sandstone interbeds
Laterally-inclined strata (Element LIS) Sheet-like or lenticular Low-angle inclined strata of clast-supported, pebble-cobble cor Lateral iort on gravel bars

7-15 m thick

Dip of inclined strata, perpendicular or oblique at high angles to

through muttiple depositional

Several tens to 200 min paleacurrent direction events (turbidity curents)
lateral extent Well-rounded, commonly imbricated clasts
Modium-grained sandstone matrix
individual beds: deci thick; bounded by conformabie and slightly
erosional surfaces with local scour holiows
Thin sandstone interbeds, commonly thinning-out updip
Foreset strata (Element FS) Lenticular Largt le, planar & ified, clast-supported, pebble- Downstreamn migration of large gravel
2-4 m thick cobble conglomerate dunes
Several meters in lateral  Commonly isolated sets
extent Organizsd clast fabric

Hollow fills (Efement HF) Lenticular Lenticutar fith

2-12 m thick

bounded by P, ional surf:
Occasionally stepped margin
Afewmetersto 100 min  Clast-supported, pebble-boulder conglomerate with accasionally

Filling of thalwegs, minor channel
forms, and scours

ive or crudely

derich pes

Iateral extent sandstone interbeds
o 4 stratified,
Diamictite (Element D) Sheet-like Sheet-like [
Afewmetersto 30 m ional surfa

resting on cor P, Shaet-like or tongue-shaped bodies

Hundreds of meters in
tateral extont

and fiat, conf ble surfaces

thick A single bed or more than one bed

Two distinct divisions within individual beds: (1) lower division of clast-
supported, imbricated, pebble-cobble conglomerate with common

deposited by debris flows with
clast-rich frontal parts, originated
from the failure of channel banks or
slopes flanking the channel system

basa! 'mv_erse grading and (2) upper division of matrix-supported,

sl of pebbly with

intraformational clasts

Highly variable pal

directions, perpendicular to those

{from stratified conglomerates

Fig. 11. Classification of architectural elements in the Lago Sofia Conglomerate.

o ALFEE F4ErHFig. 12B). F, H44] A 8}
FA e RAAC s HAA yRe o] A
A=2 7180)A AUt 4YZe] AAPTERL 99 7197
€ 7 8l disl] FzelAY 3=
€ °lEth o] HAA= I 3 A=, BAE
7~15 me]3L HAAAL & mellA 200 melth. /E Iy
3 7 A om AR FAE /A, BN £ &
5] 2 (scour surface)ol| &Jal AAR YA}, ghe
AlgEol &3] PAlsheH|, 744 e Ao grof
A adshe 797t Bt o) EAx9 FePxe 155
W tis] S FHo] Yol ide-g AN BT &
84 25 $4 e BaF 2 AN &3] &
FH e Ao g, AN Tgehs 2 A5 (point
bar)e] WIFAY FRoI7I= slth(Allen 1983; Bridge
1993; Miall 1994). ol8gt S0 EH4 1z §9 29
uel ZeE £ YARY 50 wdalds 49
o AgRed o8 FAHEE 2959 (lateral-accretion
deposity= 2 LHAA] FRAT, §4 319 FolA A
ojue INMEE A9 fAIEE AztE.
AAZF H83e 2 F59 A% S Bole 9AA) o

<
go g FAA(Fig. 120). ©] 3= &3] zd=E &
A FFE(sel) OB AFE T, 2HL9] T o 3 mo)

o]t} HAA 9] 7iE d4F& & H cm?] FAE
7HEt), o] EAA ) FE| TR IA §4 shd B0l
2 4R A AY(dune)d] FE] 729 A9 T3
E(Collinson and Thompson 1982), A &-F2] ujete] At
g A dYo| SFETLE o]F3WA HHE How
A E), o] ALAFEY ®ole 3 mol| B33 Friek o)
T Y m AR AeE FAd,

A%t BE PAHIL, WH-9] Q452 A AY 8w
39 B 92 L5 98 Bt $R2 AYEel ¥
A7 = At HHA S FAEL AREE 2ol
& v HHAe) B4 SRS vReE o HAA
= A8A stz HAH F(thalweg), &7 E 3t=, HX 4
323 (scoured hollow) 5-& A& 2= A€}

7NAAA 4EE HE C, & UEE Bl §/d
7180l g3 HE0] AR Ee 2 QYo r T4
of T 7849 Felo] FREAK(Fig. 12E). o] 9¢
FL Woln, & molA 30 me] FAE 7T FHo
2 49 m ol dEr sEAAE ollE 2583
2]

R REENH B PN 2Re TUn,
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Fig. 12. (A) Stacked sheets of clast-supported conglomerate (Element S). Note the parallel to subparallel strata. Lago
Goic section, (B) Laterally-inclined strata (Element LIS) in the Lago Sofia section (lower part of the photo-
graph). The conglomerate strata are inclined with respect to the upper boundary. The dip direction of the
strata is highly oblique to the paleocurrent direction measured from clast imbrication, (C) A set of foreset
strata (Element FS) in the Lago Sofia area. The height of the cross strata is ca. 3 m, (D) A hollow-fill unit
(Element HF) in the Lago Sofia section. Note the concave-up, erosional surface cutting into the underlying
sandstone beds. A stick for scale is 95 cm long, (E) A diamictite bed (Element D) in the Lago Sofia section,
showing sheet-like geometry and slightly erosional base. The bed is about 1.2 m thick.

9 QeEo g A B J))9) Zo] FA=e] Y=
T2 Jehd. g uisudeRy 248 345 v
T g JEUY, $8E Bolxe gYdlN &4d
AF el ds) &3 A4 Ee 3A4EE HAG
(Figs. 10A, C). o] GUAe] HAF HHZ o Ta} o
3| 2% (tongue shape)O.& 2R EW Wu7} 4 m o4}
d Ao AztET) T Ty 148 ke sro)
= Fe sleA F9E AA o] FuAwA AR wg
Eigisas

01719 3] (architecture)

23l Awjole] Y& AApEClE Zo] &F 1.3 km, E°)
300 m o}de] ddel] A7t =it Qlo] HA slx
AIA 9] o}7 €A (architecture)& 2 R T TH(Fig. 13).

-5 R HjAREE Fo] Fo| ARE VfEAEY,
o] Fio] HUEe MAH 2 HEe F2E BT, B
AR S8 FAHOE AEY] 2L AFKOR 780X 9

on], Ex0) 22 X 7|gold Unk. T AR
I Sekal el 71 eo] #ALThFig. 13). °f 7| AHL
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Softa conglomeyate

2 Stratified conglomerate | o i 1 Sand »

328 18

Fig. 13. Sketch of a large outcrop in the Lago Sofia area,
highlighting the architecture of deep-sea channel
conglomerate. The outcrop consists of stratified
conglomerate, diamictite, and sandstone beds
formed in an axial trunk channel. The stratified
conglomerate is interpreted as the deposits of
turbidity currents. Clast imbrication in these
conglomerates is indicative of a sediment dispersal
to the southwest, reflecting a southwestward-
draining trunk channel. Diamictite beds were
formed by muddy debris flows. Paleocurrents
measured from the diamictite beds are highly
oblique to those from stratified conglomerate,
suggesting that the debris flows were originated
from intermittent failure of channel bank or
slope flanking the channel system. Note the
progressive eastward shift of channel complexes
(numbered) bounded by major down-cutting
surfaces (thick stippled lines), which implies a
long-term migration of the axial channel to the
east. T = thalweg,

ANYos HEHOR AQYS Holx 9 5 &
o] BEH] glr}. QA 7148 s AYF 719
9| gk AlQHT} A3 olgte] B o2 PAHEY. kT
TEFY FHAME J1AEe] HRF o =2y glo
o, 5 Fele] JANES Bk vz I Ec
W, THOE 7| AUSECl LT A A Ao
2 HIn. a2y =2y e GdAle] 4 m ole)e] o
FASE ZFo] ZEldel =t A3, gl 44

AR FEAo s HFHBR A J|AHe] o
HolM e AAH =59 & motol 14 Zleg
FAHETH(Fig. 13). ©|8 g F22 i Lo}l H5F 4k}
HollA AFE e oA 9] A= BgHe 2 Pl
APA = s AV} 912 2537 Fejoln, uAlE A
Egges FAVY Aadhe Aos AdEr o2 g o
A o] Fejo} FT2E IS wjAERel oS WY
S, oL avo} e AYFL FEHOR
offset stackingS R.Y Hojc}.

AYAlS WF-e] =2 2 (major erosional surface)
< 71E 2= g9 3= 5§ (channel complex)E T
g < th(Fig. 13). 7 SP=E A= YolA 716 o
T84SR FAHL, F2 F4E o $Aoh FAE
2 92 o83 BES Tl e, o] FRAA 5
#30 FHo] 7P Ang, o] HEo] AHA stz FH
A% (thalweg) > 2 a4 €t} B3 439 A|71 4+
E 7PN FELE olFdle A% Bt 4 ekt
A oFs HA34% FHAE FAED. B3 1, 5,
67 82 2 AYR qYF(EHHY A, B)oE 7A€t
vhd 294 2, 3, 49} 72 H|5E vl AR AUF
I Ud JAFSEEE O HAEE ARH s A
T qgFol AT ook, =3 VA HJHFZEHZY
Oy ALAL) AR ¢ aptel] @, 39 7ot T&%
Fo e Zadle S BAT AYR quFes 74
s oA A5 HYA7 PG AlEe, o
e A, 345 244, 550 544 52
ME JHo7 Holshs A4S Btk A7XAEE H4
Ao AE FELE 712 Aol digez A s

el

p

El
led

[+

o

6. T &vo} Y A A=A W

2 &vo} Goto] HAd Wety] §7) T v
A E-5 03 & 2he THFTO] B3] AR
A FAd=e] AATHFig. 1B). 3L &3]0t A o
Al A E wet 22T StEAE vepdth R
FOoZ 120 km o AEEY FA B Fol & km
o AUA] e AL Bol, gfal &30} sl W
= A3l #3471 A 28l AFEHUD AeE F5
o, A7) AL TFHLE AF2H 8919 HAE @
%E& AoE AzHErt. ol g 24 AP gt seA
2o Al 84 sl M E AFdr) S =
oFr}(Toyama) A3l 3t wlo] Aol €73 Eopv} &
=2 mWe} 750 km o1 AFHY, st {49 B
7|Rkt 2ol oJ8)) A F ok (Nakajima ef al. 1998). 2L
azo} StEAE wet AZEe] 100 km o 28k &
AR 2 steAE 2F70 AgE ] glo] W ArlE
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AR A7 FAE S A7) WEoE APt
Al EE3ke AT RG] vls) A
O2 qE7F AR, o] Ui HAlHo] o mE A&
Yri(Fig. 3). 3 AUoIM 248 27F e TUE
WA FFol $AIEIE, BN T YT ¥t} o]
23 SHERTE BN¥AY AgAE Y stmAle X
FollM 4d Ao Mdn. A4 347 22
(Fig. 2)F Bo} AFEL -8 ko) Faleg £dsl=
P el (converging system)°| & Ao & A0 AR
X712 AFEAE Aolt}. MF R BxZe] oy~
oY FFE HARL A Ao ggd AR
g 53 HalA sheAle) SR 2ukE 9L Zolr), &
B 22 &lol AElA Sl HHZo] Ao 9 ‘-i T
BEol U A v BA)9 Ao Wl t§ o)
ol FUAY mvste] 2y ‘ﬂr}‘c}' g0 47 3
A ApEE A Az SNE AR AAET

2}l Avjo} A9 A A4A (deep-sea fan) BHE
A o] $-oh(Winn and Dott 1979). =, d¢he "‘V‘JZ]
AR Sl HAHAL, T olghAlgt EEL A
W(levee) B A Z¥(levee flank) HHZ02 3N HY
o it RARgel HgA Boke EelEA) sk, E
& 23 avjo} SheAZ} Aal 2519 Agslo] dsich
| AAE B ol Rolt, olstilet B3]
TA71E me} E2E AYRT WA B0 Hlge A
W B & Zolzly 4R WEko] sl & Zo] 3147 v
ol W8l 2} = Brpolojof k. 22U At
vl X (sole mark)llA] 23E 14F Wake 3%
Qekzol 248 B FASY, ol Bty 4
%W SAR 2 1), 23 dvlo} ojgde] je &R A4k
7 29e Ansolo} B},

i vl dgke] b} EiE BY Z e g4
sH BT §A% HA7R) 2YL2S BT
oIt Winn and Dott 1977; Winn and Dott 1979). 24
SR B HAE 34ALEAY Ay 4 9dske)
T H843 Ael FYstH(Boothroyd and Ashley 1975;
Hein and Walker 1977). o}71€/4] ZddM % f@Aabag)
HAA, 4x4%E H44, A9E 544, 572 24
A 5 3 94 WPk HAZoM &8 pAEd
(Boothroyd and Ashley 1975; Jo et al. 1997, Nemec and
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o} ol S8 H2 WA 2 Ye HA sh=A%
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al. 1998; Klaucke and Hesse 1996).
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2o} Al sHeA7t 43 FEOE ol F S A
Algt}, slere] H3E o] FL THOZ 7igeR A
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Bog 710X AAEE7t SLEA BEE ol 1y
U slee] o Fo] @ e g ASA dojuti, 1
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A Adg #A Bt EFZoln) o] shE dekE A
TAE & Gl M gE ¥4 IS Rz
ARG 5Z9 QUAEL 1gH o] Y 423
TR R Eg 2 Holr}h vhd Jd&XE o7 o
GA7t FHA-HH 02 Aol Yehy 15 =3
v At} o]2j 3t EAEL ARAY H&o] siri= 52
FH 7htolel] WEd ARE2M 2L 3% 7] A S
Aon HALJE v, 9E9) sl 229 FARE
me} B TR YA e £ ol 9
3 HAEHASS A

ATAY BF AFEL skt Aldolu} FHel A
AteRel] oz dAE AFF HFHZow T2 A7 w
4, 4 $ARE e} Y4 Feeoie F2 Ag
Foll 28] A&HA AQ FHEo| Yoyttt o] & x}o)
2 el AF F3E Atoldll= A% A 47 e
T4 849 Ao} vhEoidy. ala Avlo} s)A slw
< 8 OB FH3s MFAE VIR SEAE P45
Hom, olgj gt steAls e s dlshe s A4
29 stmAe} ginlE), 023 £4 wisAdls S &
do} A dt=rt XY X9 Hejol oJs] Aojs]n
g3t dajel},

A} A}

o] AT EF ATE A3 ¢ A ¥4 54 A
(PP03103 & PP04103y'9] ez Y=ot} A4 =
Ao} AP AN 217 B0 288 & LA
¥ FH SAATA BE BEA Ik ¥ w8
e QL AAE BR7A) AFeE T o] Aalxt
F=A AT B FRATA o] A Y whate} 99
AWHEAE A =3

A5

Allen, JRL. 1983. Studies in fluviatile sedimentation: bars,
bar-complexes and sandstone sheets (low-sinuosity braided
streams) in the Brownstone (L. Devonian), Welsh Borders.
Sediment, Geol., 33, 237-293.

Belderson, R.H., N.H. Kenyon, A H. Stride, and C.D. Pelton.
1984. A “braided’ distributary system on the Orinoco
Deep-Sea Fan. Mar. Geol., 56, 195-206.

Biddle, K.T., M.A. Uliana, R.M.J. Mitchum, M.G. Fitzgerald,
and R.C. Wright. 1986. The stratigraphic and structural

evolution of the central and eastern Magallanes Basin,
southern South America. p. 41-61. In: Foreland Basins.
ed. by P. Homewood. Int. Assoc. Sedimentol. Spec.
Publ., 8. Blackwell Science, Oxford.

Boothroyd, J.C. and G.M. Ashley. 1975. Processes, bar
morphology, and sedimentary structures on braided
outwash fans, northeastern Gulf of Alaska. p. 193-222.
In:  Glaciofluvial and Glaciolacustrine Sedimentation.
eds. by AV. Jopling and B.C. McDonald. Society of
Economic Paleontologists and Mineralogists, Special
Publication 23, Tulsa.

Bridge, J.S. 1993. The interaction between channel geometry,
water flow, sediment transport and deposition in braided
rivers. p. 13-71. In: Braided Rivers. eds. by J.L. Best
and C.S. Bristow. Geological Society Special Publica-
tion 75. London.

Clark, J.D., N.H. Kenyon, and K.T. Pickering. 1992. Quan-
titative analysis of the geometry of submarine channels:
implications for the classification of submarine fans.
Geology, 20, 633-636.

Clark, J.D. and K.T. Pickering. 1996a. Architectural elements
and growth patterns of submarine channels: application
to hydrocarbon exploration. Am. Assoc. Petrol. Geol.
Bull., 80, 194-221.

Clark, J.D. and K.T. Pickering. 1996b. Submarine Chan-
nels: Processes and Architecture. Vallis Press, London.
231 p.

Collinson, J.D. and D.B. Thompson. 1982. Sedimentary
Structures. George Allen and Unwin, London. 194 p.
Dalziel, LW.D. and R.L. Brown. 1989. Tectonic denudation
of the Darwin metamorphic core complexes in the
Andes of Tierra del Fuego, southernmost Chile: Impli-
cations for Cordilleran orogenesis. Geology, 17, 699-703.

Damuth, JE., RD. Flood, C. Pirmez, and PL. Manley.
1995. Architectural elements and depositional processes
of Amazon Deep Sea Fan imaged by long-range side-scan
sonar {(GLORIA), bathymetric swath-mapping (Sea Beam),
high-resolution seismic and piston-core data. p. 105-122.
In: Atlas of Deep Water Environments: Architectural
Styles in Turbidite Systems. eds. by K.T. Pickering, R.N.
Hiscott, N.H. Kenyon, F. Ricci Lucchi, and R.D.A.
Smith. Chapman and Hall, London.

Ercilla, G., B. Alonso, J. Baraza, D. Casas, F.L. Chiocci, F.
Estrada, M. Farran, E. Gonthier, F. Pérez-Belzuz, C.
Pirmez, M. Reeder, J. Torres, and R. Urgeles. 1998. New
high- resolution acoustic data from the ‘braided system’
of the Orinoco deep-sea fan. Mar. Geol., 146, 243-250.

Flood, R.D. and JL.E. Damuth. 1987. Quantitative charac-
teristics of sinuous distributary channels on the Amazon



Sedimentary Facies and Evolution of the Cretaceous Deep-Sea Channel System 399

Deep-Sea Fan. Geol. Soc. Am. Bull, 98, 728-738.

Hagen, RA,, D.D. Bergersen, R. Moberly, and W.T. Colbourn.
1994. Morphology of a large meandering submarine
canyon system on the Peru-Chile forearc. Mar Geol.,
119, 7-38.

Hein, F.J. and R.G. Walker. 1977. Bar evolution and devel-
opment of stratification in the gravelly, braided, Kicking
Horse River, British Columbia. Can. J. Earth Sci., 14
562-570.

Hein, FJ. and R.G. Walker. 1982. The Cambro-Ordovician
Cap Enrage Formation, Quebec, Canada: Conglomeratic
deposits of a submarine channel with terraces. Sedimen-
tology, 29, 309-329.

Hesse, R. 1989. “Drainage system” associated with midocean
channels and submarine yazoos: Altemative to submarine
fan depositional systems. Geology, 17, 1148-1151.

Hughes Clarke, JE., AN. Shor, D.JW. Piper, and L.A.
Mayer. 1990. Large-scale current-induced erosion and
deposition in the path of the 1929 Grand Banks turbidity
current. Sedimentology, 37, 613-629.

Jo, HR,, M.Y. Choe, and YK. Sohn. 2001. Drainage pattern
and fluvial architecture of a gigantic gravelly submarine

>

channel: the Cretaceous Lago Sofia conglomerate,
southern Chile. p. 144. In: 7th Int. Conf. Fluvial Sedi-
mentology, Program with Abstracts. eds. by J.A. Mason,
JRF. Diffendal, and RM. Joeckel. Conservation and
Survey Division, University of Nebraska, Open-File Report
60.

Jo, HR.,, C.W. Rhee, and SK. Chough. 1997. Distinctive
characteristics of a streamflow-dominated alluvial fan
deposit: Sanghori area, Kyongsang Basin (Early Creta-
ceous), southeastern Korea. Sediment. Geol., 110, 51-79.

Johnson, AM. 1984. Debris flow. p. 257-361. In: Slope
Instability. eds. by D. Brunsden and D.B. Prior. John
Wiley & Sons, Chichester.

Klaucke, 1. and R. Hesse. 1996. Fluvial features in the deep-
sea: new insights from the glacigenic submarine drainage
system of the Northwest Atlantic Mid-Ocean Channel in
the Labrador Sea. Sediment. Geol., 106, 223-234.

Klaucke, 1., R. Hesse, and W.B.F. Ryan. 1998. Morphology
and structure of a distal submarine trunk channel: The
Northwest Atlantic Mid-Ocean Channel between lat
53°N and 44°30'N. Geol. Soc. Am. Buil, 110, 22-34.

Lewis, K.B. 1994. The 1500-km-long Hikurangi Channel:
trench-axis channel that escapes its trench, crosses a
plateau, and feeds a fan drift. Geo-Mar. Lett., 14, 19-28.

Lewis, K.B. and PM. Barnes. 1999. Kaikoura Canyon, New
Zealand: active conduit from near-shore sediment zones
to trench-axis channel. Mar. Geol., 162, 39-69.

Lowe, D.R. 1982. Sediment gravity flows: IL. Depositional
models with special reference to the deposits of high-
density turbidity currents. J. Sediment. Petrol., 52, 279-
297.

Maizels, JK. 1987. Large-scale flood deposits associated
with the formation of coarse-grained, braided terrace
sequences. p. 135-148. In: Recent Developments in Fluvial
Sedimentology. eds. by F.G. Ethridge, R.M. Flores, and
M.D. Harvey. Society of Economic Paleontologists and
Mineralogists, Special Publication 39, Tulsa.

Major, JJ. 1997. Depositional processes in large-scale
debris-flow experiments. J. Geol., 105, 345-366.

Miall, A. 1994. Reconstructing fluvial macroform architecture
from two-dimensional outcrops: examples from the
Castlegate Sandstone, Book CIiff, Utah. J. Sediment.
Petrol., 64B, 146-158.

Miall, A.D. 1989. Architectural elements and bounding sur-
faces in channelized clastic deposits: Notes on compar-
isons between fluvial and turbidite systems. p. 3-16. In:
Sedimentary Facies in the Active Plate Margin. eds. by
A. Taira and F. Masuda. Terra Scientific Publishing Co.,
Tokyo.

Mutti, E. and W.R. Normark. 1987. Comparing examples of
modern and ancient turbidite systems: problems and
concepts. p. 1-38. In: Marine Clastic Sedimentology:
Concepts and Case Studies. eds. by JK. Leggett and
G.G. Zuffa. Graham & Trotman, London.

Nakajima, T., M. Satoh, and Y. Okamura. 1998. Channel-levee
complexes, terminal deep-sea fan and sediment wave
fields associated with the Toyama Deep-Sea Channel
system in the Japan Sea. Mar Geol., 147, 25-41.

Nemec, W. 1990. Aspects of sediment movement on steep
delta slopes. p. 29-73. In: Coarse-Grained Deltas. eds.
by A. Colella and D.B. Prior. International Association
of Sedimentologists, Special Publication 10.

Nemec, W. and G. Postma. 1993. Quaternary alluvial fans in
southwestern Crete: sedimentation processes and geo-
morphic evolution. p. 235-276. In: Alluvial Sedimenta-
tion. eds. by M. Marzo and C. Puigdefabregas. 1AS
Special Publication 17.

Peakall, J., B. McCaffrey, and B. Kneller. 2000. A process
model for the evolution, morphology, and architecture
of sinuous submarine channels. J. Sediment. Res., 70,
434-448.

Scott, K.M. 1966. Sedimentology and dispersal pattern of a
Cretaceous flysch sequence, Patagonian Andes, southern
Chile. Am. Assoc. Petrol. Geol. Bull., 50, 72-107.

Shultz, A.W. 1984. Subaerial debris flow deposition in the
Upper Paleozoic Cutler Formation, western Colorado. J.



400 Choe, M.Y. et al.

Sediment. Petrol., 54, 759-772.

Sohn, YK., M.Y. Choe, and H.R. Jo. 2002. Transition from
debris flow to hyperconcentrated flow in a submarine
channel (the Cretaceous Cerro Toro Formation, southern
Chile). Terra Nova, 14, 405-415.

Sohn, Y.K., C.W. Rhee, and B.C. Kim. 1999. Debris flow
and hyperconcentrated flood-flow deposits in an alluvial
fan, NW part of the Cretaceous Yongdong Basin, central
Korea. J. Geol., 107(1), 111-132.

Todd, S.P. 1989. Stream-driven, high-density gravelly traction
carpets: possible deposits in the Trabeg Conglomerate
Formation, SW Ireland and some theoretical consider-
ations of their origin. Sedimentology, 36, 513-530.

Todd, S. and D. Went. 1991. Lateral migration of sand-bed
rivers: examples from the Devonian Glashabeg Forma-
tion, SW Ireland and the Cambrian Alderney Sandstone
Formation, Channel Islands. Sedimentology, 38, 997-
1020.

Vallance, JW. and K.M. Scott. 1997. The Osceola Mud-
flow from Mount Rainier: Sedimentology and hazard
implications of a huge clay-rich debris flow. Geol Soc.
Am. Bull., 109, 143-163.

Wilson, T.J. 1991. Transition from back-arc to foreland basin

development in the southernmost Andes. Geol. Soc. Am.
Bull., 103, 98-111.

Winn, R.D. Jr. and R.H. Dott, Jr. 1977. Large-scale traction-
produced structures in deep-water fan-channel conglom-
erates in southern Chile. Geology, 5, 41-44,

Winn, R.D. Jr. and RH. Dott, Jr. 1979. Deep-water fan-
channel conglomerates of Late Cretaceous age, southern
Chile. Sedimentology, 26, 203-228.

Wonham, J.P.,, S. Jayr, R. Mougamba, and P. Chuilon. 2000.
3D sedimentary evolution of a canyon fill (Lower
Miocene-age) from the Mandorove Formation, offshore
Gabon. Mar. Petrol. Geol., 17, 175-197.

Wynn, R.B., D.G. Masson, D.A.V. Stow, and PP.E. Weaver.
2000. Turbidity current sediment waves on the subma-
rine slopes of the western Canary Islands. Mar. Geol,,
163, 185-198.

Wynn, R.B., D.JW. Piper, and M.L.R. Gee. 2002. Genera-
tion and migration of coarse-grained sediment waves in
turbidity current channels and channel-lobe transition
zones. Mar. Geol., 192, 59-78.

Received Jun. 4, 2004
Accepted Aug. 4, 2004



